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It. has}o~g beon recognized that the titanium dioxide (Ti0
2

) extrao

tion pro~~ss is oxoeptional in terms of i ts effluent t;)7PO and quantity,

and that, oonsiderable earo must be taken in the siting of a factory to

ensur9, that natural renouroes are used .to maximum advantage in safoguard-'
.'" .. . .'

ing the environment. It is largely for this reason that the t,..o major' ,

United Kingdom Ti0
2
faet~ries were loeated on theHumber Estua~, which

reccives watcr from acatchment arca.of approximatcly 27 000 km (almost

20%. of England) and'.:h~S ~ vcry largo fl~l'" (21 miilio~ m3/day av~rage
. ~ • I • •• •

froshwater'flow), tllUS ensuring fairly rapid dilution and dispersion'
, .

before discharging to the'soa.

:. The t:rlo' factori ös otart ed, production 20-25 years ago. Since then thoy

have ,oxpanded and. other., industries have bcen establi shod in the same arca,

in~lriding, tho,manufacture of fcrtiliz~~~,fibres, plastics and pharmacouti-
'. ,'... '. '. . '.......

cals andi~il refininl;. On~ of tho Ti0
2

companies, British Titan Products

CompallY Limited, 'considor~d it' appropriato as far baok äs 1957 to institute
. ':~. .: . .' .., ,I.' '.' .••••._ -'. ' • . . •

ohemica\.c:nd bio~~,c:i.oal invostigations, ofthe a~ea into' vlhich their ,.' ',;.

effluent 'l'laS dischargcd. This paper summarizes very bricfly some of· .the

main r~'GUlts both .'~f thoso invcstigations and of studics earricdout by

the Fi~h~rie~ 'L~bor~tory, BU:rnham-on-CroU:ch~" The intention is to illus-.. ." . . ,,' .

trate tho oriont. of data availablo in tho U~{; at this stngo tho

significance ofthe rosults is not discussed in detail. Referenoe is not

made to other research work on this subject, sincemost of it is weIl

documontod and availablo f~cm tho litcro.ture.,

. ~le are ,indebted to British Tit~ Productsc'empany Limitcd for allmring'

Uß .~~ ,~sotho rOßults of.thoir inveßt~gations and associated'rcsoarch

carricd' ou~ byQuccn '1[ary College" Landen, nnd for their willingnoss to
~ : . ' .. '.', .'. .: '

make moredotailed information nvailablo to leES at a latcr date.

* Fisheries Laboratory, Burnhum-on-Crouch, Essox.

t British Titan Products Company Limitod, Billinghnm, Cloveland.
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PHYSIC,AL ANTI CmlIIC,AL CHARACTERISTICS OF TIIE ,
ACID-IRmLHASTE FROH THE,.sULPHATE PROCESS·

Acid-iron wastes are thn by-product of the acid eXtractionof'ores

during,the production of titnnium dioxide, and their precis~c~mpesitio~
dependo on the extraetion process and on the' origin of. thö ore~' For

oxample, a typical ~asto from a sUlphatc proccsG operating on ilmenite

contains 2% free sulphuric acid, 0.1-0.2% suspcnded Bolids, and 0.8%
,',

soluble iron, with very much smaller quanti ties of titanium, chromium,

vanadium and. zinc. Tho soUdo are made up largely of unattacked are,

titanium dioxide and silica. The most obvious charactcristic of tho ' .....

lvasto is i,ts acidity and at high concentratienG i t produces 0. marked

reduction in the pR of sea wator (Figure 1). Hith increasing dilution by

Gea l"1ater the pR rises rapidly and the soluble farrous iren precipi,tatel:l
.. .

and oxidizcs to hydrat cd ferric 0Xi.de,producing the charactcristic

orango~brolm floc. This reaction,produces a considerable chcmical oxygen

demand in the vTatar •
. "

Thö British Titan effluent discharges continuously just below the

level cf mean lo~ lvater into shoal '1ater of the Humber Estuary at a rate

of 22 700m3/day. Since the estuary is tidal the directio~of flow past

the outfall changes from ebb to flood, with aperiod of clack water at

high and 10'1"1 tide. Current speeds can reach 4 km/hour.The tidnJ.
..

excursion is al'''1ays considerable and is related to, tidal range such that

a' neap tide of 2 m has an oxcursion of some 8 km but a spring tide of 6 m

h~~ an excursi~n in ~~c~~s of 17 km'. .The :Jiz~ ~d shape of tho.. effluent

plumc will therefore be primarily dopendent on.the state of thotide
'~:..:..' .

(Figure 2), vTith the effluent forming a virtually ,undiluted pool off the

outfall at alack uater. During flood and ebb there. is dilution along
" '

the narro,v plu:no Hith in?reasing distance from the outfall (Figure 3).

Surveys of dinnolved oxygen" saUmty, pR" mlspended solids, iron c:nd

sulphate of the estuary water from 1964 ,to thc present time have not
, • • I .'

demonstr.ated any changes that can be attributcd to this effluent. Changes

have occurred in the sediments of the immediate area. Close to the out-
..

fall pipe there is a hard ferric cruot overlying tllC substrate, und the

pr~~ence of iron in the surfacemud laycrs for several hundred metres on

either side is clearly, seen by tho discoloration. Chemical analysisof

:::nmples ShO"lS the, preoence of titaniferroua material clooe to the ,outfall ,
. ","

'but beyond this zone th,e figuren tcnd to bo comparable "ri.th background

levelo.
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I t is not pos-fluetuations in tho,ostuary as a whole.

F:i"eld obse'rvn;tions , ' '

Two"approaclle:s :l{~vo be~~ '~d~'~t~d' i~ ~~d;r to study th:c. ecolog~.ca.:l:;
" ~ ",. ::: ".:' _. :' ,,' -." i.'<.:,' .- ;. :: ";,:: .'. ".

impact of the cffluont d:ischarge. , Long-term effects have ,bcen-,anscssed ",
"1 "' ••• :

by< reitilfu;"sUrvcys6f b~nthic 'und 'planktonic organisn;q" .nnd ohort-:-tcrm"

offeöts hn.V:o bc'On studi~d by ~oing :cag~d ~irriD.is· ün'Ch~'~:~~" ldthiri:t'~~ ,~~,~.
• ....', •• ' •• J • " •

inflilenced by tho ·efflu~ntpl~c. . " . ,,;

Surv~yo of the intertidril zonc'have bean carriod out:for o~'~ .15,Y~~o
ats61ectod' statio~son both thc oouth nnd north s'hore"of t}~~ o'stuary so ..:

" .. ,.. , .
','; ' .. , . I _ ; .' \',' ~, , , '.' • _ ~

that' 'ri:nYehnngeo in fauna adjacent to the outfall can be asoeosad inthe'
~'. l".' " - ~ ':'# .

conte....d··· cf natural

BIOLOGICAL EFFECTS OF ACID-IRON HASTES

; (a)

• . "~ I, .,.'

thora have been changcs on the oouth batik over ,thc period of investigation.

It is not eloar, howcver, to what orient these are duo to the'sUmmatod

effe'öts'of'indust'rial und othor discharges or to natural hydrographic ..<:md

ciiri;~ti6~ ch;'h~es. 'C~i.-t~iil1Y, th~ British Titan effluont ha:.s.DJl impact, on,

tho'benthos i~ thc 'arca:~~jaccnt tri tho outfall~ There is a ~mall .'

elliptical' "arca ncar the pipe which is virtually abio·tic. Outside ,thi:~~;:.
'1' ,.~ -.: :'." ~

area' ncmatodco and Nephtys sp.' oceur llith 'increasing abundnncc ~d: size ". I

ldth distance fror.! the pipe. Beyond thio zone J.'!acoma, Cardium nnd epi

benthio spocics such as Careinus and Crangon oocur. The abiotic arc'~,is

similar in shape to, .. but smallor than, the zone that .was determined as

lethaI tq cagcdshrimps and fish (Figure 5)., This is prcsumably, bccauso ' .

the worms remain buriod in tho substrate und thercforo out of· diroct'; '~." _~ ..
'i"" ..... i',

'. '1' ..• ~ '. ",

sibl'e to ropro::luc'o the extensive rerlUlts of these regular surveys ~ere,", ,

but' 'i'abi~ '1"'~h6iis<th~'railgoof typic.:l.1 eotuarino opoc~ao en~ountered at

two' st~tiori:s :i~'1957 nnd 1!n1~ Although a decline in opecies diversity

on the south shore haG oeeurrcd ovar thlo poriod, the rnnge ~f bonthic
, . ,

species haG always been l~oo'on the n'on-indu'otrialized north shore. Tho

. hibtbgr~s in Figura 4 illustrate' that whilst there has been a deoline in

·:.;the :l~v~i ~f~bundc.nco of oome species (~.g. JlIacorna 12g,lthica) , at ceJ:'tain:,:,

sites frbm 1959 to 1972, others have maintainod their lovel or evon·

incrca:oed'i t ~omcwhat (o.g. Nereis diversicolor) ,so thai' th~ biom~ss of
"

much of'th~ ,'oouth sh~re has romainod high. ..

, Ovorall, th'erefore, i t can bc statod that although there a.;re nat~raL

difforonccs in th~'f~uriu and flora at thc solected stations in the estu<J.r,7

•

•

contact with tho pool of aoidified water that is evident at' slack water

(Figura 2).
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(b) Laboratory observations

These vlorc inotigated to attempt to oxplain thc, obscrvcd, die:t_r_ibution

of' animals in the f'icld by obtaining, a elearcr undcrstanding 01' thc toxie

mechanisms of' tho wastc. Prelim.i~ary acu;te ,toxicity experiments ShOl1Cd : 0

that th~ 96hour, LC
5
0s.for,a widcvaricty of.specics .(e.g. Pleur6noctes,·

f.Q.matoschistus, r.1acoma, Ncpht~) w!?rc in oxccss of' ,1000 part0/10 ,und .'
. . .

morc detailed experiments eonfirmcd that, for moot specics, the median

lethal threshold concentration lay.bctwcen 2000 end 8000 parts/10
6

··(FJ.gu;c '6) ~ '\I~ Figure 1 tho toxicHy eurv~ for the waote has bcen· corn-
0_' :":. " '. .

parcd with those for .technieal grade sulphurie und hydrochlorie acids.
. .' ....•. ' .' 1. • •

Although major diff'erencco are obvious, when these curves are compared
-", .' .' .

on tho baoio 01' concentration a unif'iod picturc cmergeo if' the survival

timeo are plotted against the pR 01' the solutiono •. It thereforc appears -:

that th~·.hyciroecn ion ecncontration 01' tho acid-iron wasto is tho active"

componen~ for, at least, the.oh?rt-term toxicity.

The .possible prosence and magnitude 01' long-term toxicity and .
.' . . .

sub-Iet~a.l eff'ects hn.-lTe been investigatod in a number 01' uays.· For cxampIe,

H haD b~~n found that cnly conccntrations 01' waotc in exccss 01' 1000' parts/
6· , .. ,,, ..... '

10 oignif'icuntly deprossod the gro~h rates 01' Artemia nauplii and .

ju.:v~nil~ Oph;ryoirocha (Figure 8) and cauoed. a marked depression in the

he~t-~atc'(i.c. beats/unit timc)"of thc 'fi~h k;onus cataphractus in'less'

thun 1 hour (Figure 9). Studies havc been carried. out on the ef'f'ects of'
. . " ' 6 '

a conccntration 01' the uaste 01' 250 parto/10 on the growth 01'. '. ..
Ophryotrocha ,over three generations,and it is clear from the results that

no accumulative sub-lcthal f'actors ,..cre evident in tbis time.

Whilst the absence 01' a specieo near the outf'all mightbe the result

01' acute or chronic toxicity, it io possible, eopecial~y for,fish and for.

mobile epibc~thic opccies such ,ao ~gon und Carcinus,that their absence.

is thc reoult 01' a directcd behavioural response, Indoed, Qarcinus shows

a marked ability to detect and avoid potcntially .1.et:t:?-l wo.ters 01' low plI'

(Figu;e 10).

CONCLUSIOHS

This paper summarizeo very bricfly some 01' thc results 01' invest~g~
. _. ~ .'

tions carried out by tho British Titn:::. Producto Co~puny Limited and the

~sheries Laboratory, BurnhC1lIl-on-Cro~chon a piped discharg~ ~f;'~id~~ron
wasto into tho Jlumber Estuar,y,

From both fiold and laboratory studies it appoars that thc tonc

effecte of the <lcid-iron ,mote can be cxplaincd by i to low pR. Howevcr,

4
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the ''laste is rapidly neutrn.lized when diluted with soa .-tater, so that at

concentrations below 1000 parts/106 tho pR approaches that of soa water and

no acute or sub-lethal effocts are evident.

In the ease of the diseharge to tho Rumber thc build-up of effluent

off thc outfall at slaek watcr has Iod to loealized damage to thc biota,

but the largevolume of thc estuary, its alkalinity, high current speeds

and turbulence ensure that grcat dilution' and ncutralization of thc'waste

takes plaee subsequcntly. Precipitatediron"evidently discolours, many of

t~e,anim!1lsnen.r th?, o'?-tfall, but initial analyses of mussals for Fe, Ti t

Cu, ,Cr,~ Pb, V; Zn mid ,As have not indien.ted any elevated levels in their

tissues.

Although these studi es have been coneerned .vitheffeet s of ä 'pipcd.._..........,""{ .'
, ,

disehargo, thc rcsultsare also very useful in assessing thepossible

biologieal consequences"ö'{ 's-ca dumping' ~f'aeid-iron waste, beeause under
' ..... '.. '.'" ~

the more restrietcd potontlalfor dilution fr~~ .outfalls toxie effeets are

more likely to be evident. The eareful selection"of dumping grounds wherc

tidal veloeities are high should prevent,thc occurr,en.ce cf such effeets
. ",' ......... _., .., ~,... '; .....'" .

in the open sea.

. ;" ~1 :"., .... " ...

. '-~;.. '

.' ~ . . '.' .
_'O .. , - '.'

,.;......

. "~ •• ~ • "" •.• '-" >.~.~ -".~ _ ...._ •...

" .,..~' .
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·Table 1 Invertebrate species recorded at ohm stations in thoO
intertidal zone of the Humber in 1957 and1971

Group South shore North shore

,,'. 1957 1971 1957 1911

ANTHOZOA Sagartia sp. + + +

°POLYCHAErA Nereis diversicolor + + + +
Nereis virens +
Lanice conchi~c~ + +
Pectinaria koreni +
Scoloples armiger + +
Arenicola marina + + + +
Polydora ciIint~ +
Nephtys sp. + +

CRUSTACEA

CIRREPEDIA Balanus balanoidos + + + +
ISOPODA ~ sp. +
AIv1PHIPODA Gmnmarus zaddachi + + + +
DEC.APODA Crangon ~gon + +

Carcinus maenas + + + +

MOLLUSCA Littorina ~~~tilis + +
Littorina Iittorea + + + + •~~ }.apill~ +
Bucc~ undatum +
Mytilus edulis + +
Cardium edule + + + +
Mncoma baIthi ca + + + +
Hydrobia sp. + + +
Mya sp. + + +
Scrobicularia Elana +
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l'icure 1. Chl;nges in,( pR of sea water due ta acid-iran vmste.
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Figure 5. Areas of acute toxicity to shrimps and fish held in cages. Numbered isopleths show the period
of exposure (in tidal cycles) required to kill 50% cf the animals.
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